The cabbage aphid, *Brevicoryne brassicae,* is scattered in many parts of the world ( [@ieu146-B23] ) and is present in most parts of Iran, especially in the central areas ( [@ieu146-B17] ). Different plants belonging to the crucifer family (Brassicaceae) act as a host for this aphid. Pest damage occurs on the cabbage leaves and transmits plant viruses ( [@ieu146-B3] ). Pesticide application has been a primary method of fighting and controlling aphids; nevertheless, unsystematic pesticide use has had adverse effects on the environment and on nontarget organisms ( [@ieu146-B14] , [@ieu146-B24] ). Accordingly, other pest control methods, including resistant cultivars and biocontrol factors, have received more attention in recent decades ( [@ieu146-B4] ). The use of insect-resistant cultivars has increased food production in some major agricultural areas of the world ( [@ieu146-B26] ). Reduction in the production of crops, like cauliflower, due to cabbage aphids reveals that studies on pests are crucial for data collection on the antibiosis resistance rate of different cultivars. Many researchers have studied the effects of host plants on the biological cycle of the cabbage aphid. Some of these researchers include [@ieu146-B20] , who studied the biological parameters of cabbage aphid on varieties of canola; [@ieu146-B7] , who studied the biological responses of cabbage aphid, *B. brassicae* on four varieties of *Brassica* ; [@ieu146-B25] , who studied the potential increase of the cabbage aphid population on white cabbage; and [@ieu146-B18] , who reported that the type of host plant significantly impacts the biological stage of cabbage aphid. Despite this abundance of research, there exists a lack of studies on the biology of cabbage aphid in different cauliflower cultivars. Although the main intention of this article is to compare the population growth potential of cabbage aphid on eight cultivars, it will also predict the replacement role of appropriate cultivars within the population dynamic ~~s~~ of this type of aphid. This study can help to better understand the biology of cabbage aphid and hence provide solutions to pest control management.

Materials and Methods
=====================

### Rearing of Cabbage Aphid

Aphid samples were collected in the fall from a cauliflower field located at Shahed University. These samples, along with pieces of the host plants, were later moved to the laboratory. Upon removing the larvae and eggs of the syrphid flies and other predators, the remaining aphids were reared on the leaf of each cauliflower cultivar to three generations, 25 ± 2°C, 65 ± 5% relative humidity (RH), and 16:8 (L:D) h photoperiods. The leaves were individually placed in clear plastic containers (5 by 13 by 15 cm) and were covered by netted lids, permitting the flow of air.

### Growing of Plants

In this experiment, eight cultivars of cauliflower were used: *Brassica oleracea* var. *botrytis* (Brassicales: Brassicaceae, Tehran Ramfar Co., Tehran, Iran) including Smilla, Snow mystique, White cloud, Buris, Galiblanka, Snow crown, SG, and Tokita. The seeds of each cultivar were provided by Seed and Plant Improvement Institute of Iran, Horticulture department and planted in small containers (flat wooden boxes), which, after about 5 wk (the 6--8 leaf stage), were individually transferred to small plastic pots containing sterilized soil. They were used in the 10--12 leaf stage for further research.

### Experimental Design

All experiments were undertaken in a growth chamber, which was set at 25 ± 2°C, 65 ± 5% RH, and 16:8 (L:D) h photoperiods. An adult female was placed on each cultivar leaf using a triple zero brush. Twelve hours later, upon examination of the containers, it was discovered that only one nymph remained, and the other nymphs and female aphids were removed. Ten replicates were considered for each cultivar. Experiment began with one first nymphal instar, the test containers were evaluated every 24 h, and the molting time was recorded after aphid maturation. The total number of nymphs produced was counted daily. These nymphs were later removed from the leaves, and this process continued until all aphids had died. In the life table, some biological parameters were calculated; these included the prereproduction period and the postreproduction period, adult longevity, aphid lifespan, the reproduction period, the mean number of produced nymphs, and the longevity of different nymphal instars.

### Data Analysis

Age-specific survival rates ( *lx* ), as well as the average number of female offspring ( *mx* ), for each age interval ( *x* ) were used to construct the age-specific fertility life tables. Using survivorship and fertility schedules, the demographic parameters of cabbage aphid, including the net reproduction rate ( *Ro* ), the intrinsic rate of increase ( *r*~m~ ), the finite rate of increase (λ), the mean generation time ( *T* ), the doubling time (DT), and the life expectancy (ex), were calculated. The terminology and formulae used to compute the demographic parameters were consistent with [@ieu146-B6] . The Jackknife method was used to estimate the standard error of the population growth parameter ( [@ieu146-B19] ). The intrinsic rate of increase ( *r*~m~ ) was calculated using the method proposed by [@ieu146-B29] . $$r_{\text{m}} = 0.\text{738}\left( {\text{ln}\left( \text{Md} \right)/d} \right)$$

In this method, *d* is the time period before nymph production, Md is the number of produced progenies in the time equal to *d* , and 0.738 is the correction constant. The results obtained from [@ieu146-B5] and Wyatt and White methods were later compared. The data were submitted to analysis of variance, the means obtained were compared using the Duncan Multiple Range Test (α = 0.05) using the SPSS version 15.0 ( [@ieu146-B27] ), and graphs were plotted by Excel 2007.

Results
=======

### Fertility Table Parameters

The cabbage aphid, *B. brassicae* , had four instars on all cauliflower cultivars. Nymphal instar longevity varied significantly ( *P*  \< 0.05), ranging from 6.70 to 8.10 d on the Smilla and White cloud cultivars, respectively ( [Table 1](#ieu146-T1){ref-type="table"} ). As listed in [Table 2](#ieu146-T2){ref-type="table"} , a significant difference was observed between the various biological parameters of the aphids reared on different cultivars ( *P \< * 0.05). The highest prenymph period, nymph production period, mean number of laid nymphs, adult longevity, and total lifespan on the Galiblanka cultivar was calculated as 8.60, 13.50, 58.60, 17.30, and 25.90, respectively. The longevity of aphids reared on the Smilla and Buris cultivars was found to be significantly lower than aphids reared on other cultivars. There were no significant differences between the other cultivars. Based on the results obtained from the mean comparison, cabbage aphid was most fertile on the Galiblanka cultivar, and its difference with the Buris cultivar was statistically significant

###### 

Mean longevity of different nymphal instars of the cabbage aphid, *B. brassicae,* on different cauliflower cultivars

                          Different cultivars                                                                                                             
  ----------------------- --------------------- ---------------- ---------------- ----------------- ----------------- ----------------- ----------------- ----------------
  First nymphal instar    1.30 ± 0.15 de        1.50 ± 0.17 de   2.40 ± 0.26 ab   1.00 ± 0.00 e     1.90 ± 0.23 bcd   1.60 ± 0.22 cde   2.20 ± 0.29 abc   2.70 ± 0.15 a
  Second nymphal instar   1.60 ± 0.22 c         2.40 ± 0.22 ab   2.60 ± 0.16 a    2.10 ± 0.10 abc   2.00 ± 1.21 abc   2.50 ± 0.31 ab    1.70 ± 0.15 c     1.90 ± 0.18 bc
  Third nymphal instar    2.10 ± 0.18 ab        2.00 ± 0.21 b    2.10 ± 0.18 ab   2.80 ± 0.36 a     1.80 ± 0.29 b     2.10 ± 0.18 ab    1.80 ± 0.25 b     1.60 ± 0.22 b
  Fourth nymphal instar   1.70 ± 0.15 ab        1.80 ± 0.20 a    1.00 ± 0.00 c    1.30 ± 0.15 bc    1.90 ± 0.10 a     1.20 ± 0.20 c     1.30 ± 0.15 bc    1.00 ± 0.00 c
  Total                   6.70 ± 0.15 c         7.70 ± 0.21 ab   8.10 ± 0.46 a    7.20 ± 0.29 bc    7.60 ± 0.31 ab    7.40 ± 0.22 abc   7.00 ± 0.15 bc    7.10 ± 0.18 bc

Identical letters in each row are not significantly different at 5% level.

###### 

Mean of different growth stages period of the cabbage aphid, *B. brassicae,* on different cauliflower cultivars

                                          Different cultivars                                                                                                              
  --------------------------------------- --------------------- ----------------- ----------------- ---------------- ---------------- ------------------ ----------------- -----------------
  Prereproduction period                  7.70 ± 0.15 d         8.7 ± 0.21 ab     9.10 ± 0.46 a     8.20 ± 0.29 bc   8.60 ± 0.31 ab   8.40 ± 0.22 abc    8.00 ± 0.15 bc    8.10 ± 0.18 bc
  Reproduction period                     10.00 ± 0.83 bc       12.80 ± 0.77 a    13.00 ± 0.82 a    8.30 ± 0.42 c    13.50 ± 1.38 a   12.30 ± 1.16 ab    13.00 ± 0.56 a    13.00 ± 0.94 a
  Postreproduction period                 1.00 ± 0.21 b         2.80 ± 0.53 a     1.20 ± 0.42 b     1.00 ± 0.26 b    2.80 ± 0.63 a    1.70 ± 0.40 ab     1.90 ± 0.55 ab    2.80 ± 0.61 a
  Adult longevity                         12.00 ± 0.75 b        16.60 ± 1.09 a    15.20 ± 0.76 a    10.30 ± 0.42 b   17.30 ± 1.23 a   15.00 ± 1.34 a     15.90 ± 0.87 a    16.60 ± 1.19 a
  Lifespan                                18.70 ± 0.67 b        24.30 ± 1.14 a    22.30 ± 0.96 a    17.50 ± 0.65 b   24.90 ± 1.30 a   22.4 ± 1.23 a      22.9 ± 0.89 a     23.70 ± 1.12 a
  Mean number of nymphs laid per female   45.70 ± 3.42 bc       50.00 ± 3.07 ab   36.30 ± 3.24 cd   30.90 ± 1.13 d   58.60 ± 4.05 a   40.10 ± 4.43 bcd   44.30 ± 3.85 bc   41.90 ± 2.66 bc

Identical letters in each row are not significantly different at 5% level.

( [Tables 1](#ieu146-T1){ref-type="table"} and [2](#ieu146-T2){ref-type="table"} ; [Fig. 1](#ieu146-F1){ref-type="fig"} ).

![Observed and expected survival of females of the cabbage aphid, *B. brassicae* created in cauliflower cultivars. Temperature (25 ± 2°C), RH (65 ± 5%), and photoperiod (16:8 \[L:D\] h). The difference between cultivars was 14 d.](ieu146f1p){#ieu146-F1}

### Life Table Parameters

As shown in [Fig. 2](#ieu146-F2){ref-type="fig"} , the SG cultivar revealed the highest life expectancy ( *e*~x~  = 8.26) among the cultivars inspected. In this cultivar, life expectancy ( *e*~x~ ) was 18.61 at the beginning of the life cycle and reached 0.0 after 36 d. Similarly, this cultivar revealed the highest survival rate. The survival rate obtained at this stage was 88%, meaning that 12% of aphids died before the adult stage. Here, the mortality rate obtained at the preadult stage was lower than that of other cultivars. The lowest life expectancy ( *e*~x~  = 4.03) was also observed in the Smilla cultivar, which was 9.20 at the beginning of life and reached 0.0 after 22 d

![Observed and expected survival of females of the cabbage aphid, *B. brassicae* created in cauliflower cultivars. Temperature (25 ± 2°C), RH (65 ± 5%), and photoperiod (16:8 \[L:D\] h). The difference between cultivars was 14 d.](ieu146f2p){#ieu146-F2}

( [Fig. 2](#ieu146-F2){ref-type="fig"} ).

### Value of Intrinsic Rate of Increase

[Table 3](#ieu146-T3){ref-type="table"} depicts values of the intrinsic rate of increase of the cabbage aphid, *B. brassicae* , on eight cauliflower cultivars using two different methods. The comparison of these two methods revealed that the results of the application of the Brich method on Smilla, Snow crown, and SG--Tokita cultivars were similar to the Wyatt and White method. However, in other cultivars, i.e., Galiblanka, Buris, White cloud, and Snow mystique, *r*~m~ value calculated by the Wyatt and White method was lower than that calculated by the Brich method. Such discrepancies were rooted in differences in longevity, fertility, and preadulthood periods of *B. brassicae* on these cultivars. Statistical analysis, also, showed that there were significant differences between the cultivars ( *P*  \< 0.05). The calculated intrinsic rate of increase showed that the cabbage aphid population had a growth rate equal to the exponential, constant rates of 0.27--0.35. The intrinsic rate of increase of *B. brassicae* on the Smilla cultivar (0.35 females/female/d) was significantly higher than other cultivars, and the lowest value of *r*~m~ of *B. brassicae* was calculated on the White cloud cultivar (0.27 females/female/d). Because of calculated *r*~m~ , the White cloud and Smilla cultivars were resistant and susceptible cultivars, respectively.

###### 

Mean values of intrinsic rate of increase ( *r*~m~ ) of *B. brassicae* on the different cultivars calculated by Brich and Wyatt and White methods

      Different cultivars                                                                                                                                 
  --- --------------------- -------------------- ------------------- --------------------- -------------------- -------------------- -------------------- --------------------
  a   0.3525 ± 0.0069 a     0.3137 ± 0.0059 bc   0.2758 ± 0.0181 d   0.2971 ± 0.0038 bcd   0.3329 ± 0.0054 ab   0.2837 ± 0.0070 cd   0.3207 ± 0.0119 ab   0.3169 ± 0.0205 bc
  b   0.3365 ± 0.0011 a     0.3176 ± 0.0011 c    0.2702 ± 0.0017 f   0.3040 ± 0.0013 e     0.3325 ± 0.0015 b    0.3075 ± 0.0013 de   0.3190 ± 0.0008 c    0.3089 ± 0.0009 d

Identical letters in each row are not significantly different at 5% level.

*^a^* Brich method.

*^b^* Wyatt and White method.

### Population Growth Parameters

[Table 4](#ieu146-T4){ref-type="table"} lists population growth parameters with a 95% confidence level for each, using the Jackknife method. Statistical analysis illustrated significant differences between the net reproductive rates ( *R*~0~ ) of aphids on the studied cultivars ( *P*  \< 0.05). This parameter indicated high reproductive ability and effective individuals within the generation. The net reproductive rate of aphids on the Galiblanka cultivar (56.55 females/female/d) was significantly higher than that on other cultivars. There were also significant differences between the finite rates of increase (λ), doubling time (DT), mean generation time ( *T* ), and weekly growth rate ( *r*~w~ ) on eight cultivars ( *P \< * 0.05). The white cloud cultivar revealed the lowest finite rate of increase and weekly growth rate and the highest doubling time. Cabbage aphid populations on the Smilla cultivar showed the highest finite rate of increase and weekly growth rates, the lowest doubling, and the mean generation time.

###### 

Population growth parameters of the cabbage aphid, *B. brassicae,* on the cauliflower cultivars using Jackknife method with 95% confidence level

                  Parameter                                                                                                                
  --------------- ---------------------- ------------------------- ---------------------- ------------------------- ---------------------- -----------------------
  Smilla          0.35(0.33--0.36) a     43.89(36.07--51.70) abc   1.42(1.40--1.44) a     10.83(8.70--12.94) c      1.97(1.87--2.05) d     11.80(10.50--13.08) a
  Snow mystique   0.31(0.30--0.32) bc    49.17(41.52--56.81) ab    1.36(1.28--1.44) abc   12.41(12.00--12.82) ab    2.21(2.11--2.30) bcd   8.99(8.15--9.82) bcd
  White cloud     0.27(0.23--0.31) d     34.59(27.21--41.96) bc    1.32(1.26--1.37) c     12.83(11.46--14.23) ab    2.51(2.12--2.90) a     6.90(4.99--8.80) d
  Buris           0.29(0.28--0.30) bcd   30.83(28.71--32.93) c     1.35(1.33--1.35) bc    11.54(11.11--11.95) bc    2.33(2.26--2.40) abc   8.00(7.55--8.45) cd
  Galiblanka      0.33(0.32--0.34) ab    56.55(46.50--66.59) a     1.40(1.37--1.41) ab    12.12(11.54--12.69) abc   2.08(2.00--2.15) cd    10.28(9.38--11.18) ab
  Snow crown      0.28(0.26--0.29) cd    39.71(30.93--48.47) bc    1.33(1.30--1.34) c     12.97(12.46--13.30) a     2.44(2.30--2.58) ab    7.29(6.48--8.10) cd
  SG              0.32(0.29--0.34) ab    43.41(34.85--51.96) abc   1.38(1.34--1.41) abc   11.79(11.17--12.33) abc   2.17(1.95--2.37) bcd   9.44(7.69--11.19) bc
  Tokita          0.31(0.27--0.36) bc    38.89(14.90--62.88) bc    1.37(1.30--1.43) abc   11.54(10.58--12.22) bc    2.19(1.89--2.51) bcd   9.20(6.36--12.14) bc

Identical letters in each row are not significantly different at 5% level.

Discussion
==========

Based on the findings of this study, development, reproduction, and longevity of the cabbage aphid, *B. brassicae* , are shown to be influenced by the type of cauliflower cultivar. Many inherent characteristics of plants, i.e., food, chemical composition of secondary metabolites, and morphology, can affect insect survival, reproduction, and growth. Other researchers have also studied the impact of the host plant on the biological parameters of cabbage aphid ( [@ieu146-B12] , [@ieu146-B20] , [@ieu146-B1] ); however, there is little information regarding the effect of other cauliflower cultivars.

Because it has been shown that the White cloud cultivar increased the nymphal development period of *B. brassicae* , this could be a likely reason for the reduction in the intrinsic rate of increase on this cultivar. The findings of this article, regarding the nymphal development period of cabbage aphid, are consistent with those presented by [@ieu146-B28] , who reported that the development of the immature stages of the cabbage aphid on cauliflower takes 8.90 d. In this study, the mean number of cabbage aphid nymphs laid per female lasted between 30.90 and 58.60 on different cauliflower cultivars. As reported by other researchers ( [@ieu146-B25] , [@ieu146-B20] ), the mean number of *B. brassicae* nymphs laid per female on eight cultivars was less than its value on the canola; however, similar to that on the white cabbage. [@ieu146-B20] showed that *B. brassicae* on the canola (Hyola 401 cultivar) produced an average of 60.08 nymphs per female. [@ieu146-B25] calculated that the mean number of nymph production of the cabbage aphid on white cabbage is equal to 47.10 nymphs per female, similar to results that we obtained on the Smilla cultivar (45.70 nymphs per female).

[@ieu146-B1] found that the mean number of nymph production of the cabbage aphid was 30.79 nymphs per female, similar to our results on Buris cultivar, 30.90 nymphs per female. In our study, the lowest lifespan of the cabbage aphid (17.50 nymphs per female) was reported to take place on the Buris cultivar. The mean lifespan of *B. brassicae* on different cultivars was similar to those reported by [@ieu146-B15] on canola (17.4 d). We also found that the lifespan of the cabbage aphid was longer than that reported by [@ieu146-B11] , on two local populations of *B. brassicae* (16.85--18.89 d), and [@ieu146-B28] on mustards and rapeseed (6.2 d). Furthermore, the lifespan of *B. brassicae* on the Grees Cornet cultivar was shorter than that on the Savoy cabbage ( [@ieu146-B12] ). [@ieu146-B16] reported that the lifespan of the cabbage aphid is between 16 and 60 d. Like other biological parameters, the host plant and growing conditions affect the longevity of an aphid. It is probable that the cabbage aphid has a longer life expectancy than its host on some cauliflower cultivars, such as Snow mystique and Galiblanka. The net reproduction rate ( *R*~0~ ) of the cabbage aphid was shown to be relatively high on the studied cauliflower cultivars (30.83--56.55 females/female/d). [@ieu146-B7] calculated that the value of ( *R*~0~ ) of the cabbage aphid, *B. brassicae* , was between 14.65 and 32.80 females/female/d on four varieties of *Brassica,* whereas [@ieu146-B12] stated that the value of ( *R*~0~ ) of the cabbage aphid was 15.92 females/female/d on the Green Cornet cultivar. Our results show that the intrinsic rate of increase of the cabbage aphid on the common cauliflower cultivars in Iran is equal to 0.27 or more, confirming the susceptibility of the noted cultivars to the aphid. Statistical variables, including fertility and intrinsic rate of natural increase, are valid criteria to determine aphid performance.

Plants on which aphid populations have a lower intrinsic rate of increase and a lower rate of reproductivity are more resistant than plants on which aphid populations show a higher rate of increase ( [@ieu146-B30] ). [@ieu146-B21] tested the antibiosis properties of four canola cultivars on cabbage aphid and found that the highest intrinsic rate of increase ( *r*~m~ ) was for the Boomrang cultivar (0.29 females/female/d). This study showed that difference in susceptibility between the studied canola cultivars and the cabbage aphid were related to nonuniform structural and physiological characteristics for feeding and growth. Many ecological factors, such as the host plant ( [@ieu146-B2] ), temperature ( [@ieu146-B13] ), and experiment method ( [@ieu146-B8] ), affect the intrinsic rate of population increase of insects. These factors justify the difference in value of this parameter within different experiments. [@ieu146-B12] reported that the rate of *r*~m~ was 20, 25, and 30°C, which is equal to 0.187, 0.226, and 0.042, respectively, whereas [@ieu146-B25] reported that the value of ( *r*~m~ ) of the cabbage aphid, *B. brassicae* , was 0.31 at 25°C on the white cabbage, similar to the intrinsic rate of increase ( *r*~m~ ) of cabbage aphid on the Snow mystique cultivar. In another study, [@ieu146-B22] found that the intrinsic rate of increase ( *r*~m~ ) of *B. brassicae* on three cabbage cultivars was between 0.05 and 0.21. [@ieu146-B18] found that the highest intrinsic and finite rate of increase of cabbage aphid on four species of Brassica was discovered on the Lzlco cultivar (0.11 and 1.12).

Nutritional quality or antibiosis resistance could account for the low value of *r*~m~ on the white clouds cultivar. The chemical content belonging to the host leaf also affects the survival and reproduction of pests. The intrinsic rate of population increase of aphids who feed on high-quality hosts is higher than that found in low-quality hosts ( [@ieu146-B10] ). [@ieu146-B9] also proposed that there was a significant relationship between the intrinsic rate of aphid and glucosinolate concentration. In summary, the low value of *r*~m~ could be justified by the high value of glucosinolate concentration in some *Brassica* cultivars.

The use of resistant cultivars is a major pest management strategy, and the resistance of cauliflower can be an effective method of reducing the intrinsic rate of population increase of cabbage aphid. According to our results, because of the high intrinsic rate of increase, finite rate of increase, and the lowest doubling time, the Smilla cultivar has been shown to be the most suitable for the purposes of cabbage aphid population growth. On the other hand, the White cloud cultivar (with the lowest rate of intrinsic increase, finite rate of increase, and high doubling time) has been shown to reduce the population of aphids on cauliflower, due to higher nymphal instar longevity of *B. brassicae* . Therefore, this cultivar can be used in pest management for aphid control and the reduction of pesticide consumption. However, because the present research was conducted under laboratory conditions, it is important to note that to attain more accurate results, further studies need to be implemented in field conditions and on the different developmental stages of the host plant.
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